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(54) HEIGHT MEASURING METHOD AND COFOCAL SCANNING OPTICAL MICROSCOPE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve reproducibility in 
the measurement of a surface shape without altering a 
microscope system for a reduced moving step in the 
direction of height by estimating a relative position to 
maximize an output of a photodetector. 
SOLUTION: Light emitted from a light source 18 is made 
incident into a sample 36 through an objective lens 32 of an 
optical microscope 16 and the relative position between a 
focusing position of the objective lens 32 and the sample 36 
is changed discretely in the direction Z along the optical 
axis to detect the intensity of light from the sample 36 at 
each relative position, separately. The maximum value is 
estimated on a change curve indicating the intensity of light, 
based on a plurality of light intensity detected values 
containing the maximum thereof and the estimated 
maximum value is used as height information. 
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imxm i ] s ewts^Hi&ift©*** v >x 

KKHfc ©ffl*H4S£fttt#fa Z #fflk:R*Wfc: 

ta«K»-^v>TaK3t9IK^w-r«<tift«±0«^:ffl[* 

[M3&9I2] Jt«*»6©3t*3t*K«HO**«l^>X 10 
Eli** i ©ffi*N&«*3telto&l*l <h & * Z CMRft tc 

*3^©3t»flE*fflffl*«iaix, £©3-p©7fcS£«&ffl 

s K s «« t l T«#-r a j« a ate^s. 

Z, =Z 0 +A • m+ { (I.,, - I.., ) • A} / 20 
[2 { (I.., - I. ) + (I.,, - I. ) ) ] 
fit. Z, \mi7£fflteWi<D®:W. 

i.-, rii. ©Emr©&BT"©ft3as?&aiffi> 

»tjTWfl3**«U'>X©«S3tttt«tWEtt»Offi«fc* 
*tf«fcfMftai**fMft**i:. f3E*f^l/>X©£0t 

[»9!©MH&K9i] 
[0 0 0 1] 

[0 0 0 2] 



9-6 8 4 1 3 

2 

[0 0 0 3] 05 fc-«Mfc#fcjftj£SES!#*H«*fc© 

1 0 {C«t 0 Kft 8 ±®*3tj«6W*» 5 ©g»)l$ 
[0 0 0 4] £0J:3fc^W£K«iB8©£#fcmo 

[0 0 0 5] K^®8©«Btt¥JfiifeBTtt 
&<, «*tftt^ATwt^3fc#*P>X6©*Jfcffi 

-;H 0±tC«^fr«)Ci:«^:Vi©T, Hft&BfiAfl-^ 

Jt^lBfiMR«, *f*U>X6©*ttffi«, flp-fe<&*Mi« 
t#«ET ^.fcC^W 8 ©3t#fl^**»»£fcMjrr S C 

[0 0 0 6] H6K«-rJ:5«:. i«£©S&-5 3 o©ii 
MA, B. C SWT 5S» 1 4 SI«03t^gatT 

«*-r*«£*«jrr*. ttWBAtc&fcs-a- 
c©fei>6, ^t©k*4®a, b ( ctc^f-ra-a-^Bi 

* (flJ-6, KftSA, B, CJC*fLTfcf>h#-&o/t& 
[0 0 0 7] #MUXj££S3fc¥MRtticJ:*il£. 

ecwba, b, cfc»r*^j»iiHfc*ft*«#ufc«, 

tt»BA, B, CK»-r«*ji««*3t*«fcJEb*to 
-frS^ttCfcoT. iTOKMA, B, ClCMT*^ 

mm a, b, c^658±-r*>t!9fe#ow*$©«*ffl* 
[0008] &,±, mmhft&?tt.m&<D&mftm<Dm 

feJjfeW, TTHEORY ANDPRACT I CE 
OF SCANNING OPTICAL MICRO 
SCOPYj (b——Q4)Wj>, 3-'J>vx/t-K 
f; ACADEMIC PRE S Sfgfr) © 1 2 6H~ 
1 3 OICKfStlT^S. 

[0 0 0 9] ±EXtt*£tt#©«fc3fcflBBtftE**tt 
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+ fcWl*a<*'b*<fc*ttia (ZftB) &&ffiLT&# 

J:oT«M6HB©#©-j&fc*3l«fc*BB«U d©tt<iT- 
±IB|IU$©Z;£g£fToT, jtafcSjfeJlE'HcJiBJWft'b 
K<ft£ftB (Z{£B) SttHJLTftfft*. '©±5 

£©>&*. JWgfcfcfciB^fcttW© 
OTWMSSni. 10 
[0 0 10] 

[0 0 11] B7tt, Zjfe£K£«JtK©SftAlt€35« 

ft^-je«T&fl; s ts-fc i * ©# z tisrcisf- * 

ttfc»-&©JM£©SEfl;fl«l 1 5±-C>*£)fl««*ifc*ffi 

sz, 3^6-fnittt«z. a»zttiti/T«#sn«c 

<hl~ft-5. £© "W ttZjt*ft««WfcfToTVi* 
fOfnfiBg^TZ»lAfy^01/2ta:«. 

[0012] d©-rn*«. z **©»*&(&«•?»** 

©T. Wj£©AKtf&"3*, «JfcflEBtt«»<-r*iKH 

rsa-g-, p^©^t«-^. z^tbx-ryX© 1/2© 
[0013] d©fc*, atewstt*A<-r«.ic«z^ 

aE©»»X7 i yy*/hS<f*^H***<63&«. z^a© 

[0 0 14] gjfi©¥£#XD-feXTtt¥##^X,A± 
<DK9 — >©JP£^©ffltet;:*5^T0. 0 5/LtmJ^T© 

Kj£A£nft<ftoT£Tl^£. 40 

[0015] su2<D&5ttmm\z&frTU$ 

tlfzh<DT\ SSS^->X?A$r^HLTii5$*I^©#«l 
[0 0 16] 

»Tr*fcJ&l;:ErF©«fc5ft#g:£!»i;fc. ffli*fliiic*f 
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S <h flMBttft t ©fflttftB £ftffc£ft t ft 5 z *|p] icK 
[0 0 17] #3B9ifcJ:n«. «*©3t9Sl«ttaia^ 
[0 0 18] 8l7Rm2\zttl&-rz>*&W\t. 3t«*»6© 

mwftStt^iHMt©*** u >x*a LTtt»nA» 

U WIB*#«U>X©*3lEffiBt(IMStt»t©*»ffi« 

«T©i»i2tt»*»6©>ifi3iflE*-€-n-?n«kai/, ;m«=> 
3tMflEtta«©«f s»*©3tai**ta«[R«-e-©w« 

©ffi*fffi«T©3t«lflE*ttltt*» 6 ft* 3 o©7t3ta^m 

xatt3t««««wr«ft**±©«*fflz, Sr-^-^^ffi 
u ^©*^Lfcffi*ffir#*ig$ft$g<h-r 

[0019] Z, =Z, + A • m + { (I.,, - I 
.-, ) • A) / [2 { (I.-, - I. ) + (I.,, - I 
. ) } ] 

<au z, te$j£ii#iiW©ft§. Atei mmtir)<D&®) 

S, mtt5t»**ffl««t*^tft*t*©»»IU», I 
. tt**©3taSflE*UJffl, I.., ttl. ©fimr©&BT 
©ft&g&tiJffi, I.,, tel. ©E«©tt«T©3fc3*a£ 

[0 0 2 0] #»«fcJ:tatf, ±Ef *SC*»63t3ME#» 

«-r*fl;ft«±©«*iaz. a»*ssn*. fct. » 

^KttKft*je«a**»*n*. 
[0 0 2 1] M#JB3fc*tt6-r*#*0!tt. 3t«*»6© 
a»3t*K»fc»UT*Jt£S-&*»*U>X4:. 

WE«*3t©Jtlft*rRlK»tjTjWE*f»U>X©flt 

ft&B t m&umo&m t e4s**ttic&»s az>®mm 

mt, flHEttttl^Xofc^ffiBisHcttfttiMfcEBS 

nfctf>*-;u<t. «rEe>*-;p*aii-r*3tt©MB 

fc*V»T, ««E**«W'>X©i(63ttffiBi:«HBK»©ffifi 

em* % <j ^ e»^^sm#^^)A*-SK7fe?t«{i^© 

*fttt«±T©«*tt*-9-**ffi**ttB*i6«-r*«l« 
[0 0 2 2] *»9U=J:ntf, »*^>X©j»3ttt«4 
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n. B®*^y^£ft&gff^£^i^£*$£¥©K«fc 
oaK3e!i«m*©»bift*±To«*«*t}i3t an 

[0023] MHjA£iES!3t#iiiRtt(c«v»T. nmv 

I (Z) = { s i n (u/2) 
u = 8 7tZ • s i n' (0/2) /A 
NA= sin© 

i -.mm 

Z : ftA*&4>JEfi 

NA : tt®l/>X<Dffln& 

A : #©&* 

(1) 5SfcJ:fttf, Z = OT^. tt*W3te**©£ 
jftffi«C»*t*. a»50£W»gl (Z) a*** 
tft*. NA. Att3t*3RT**««**OT, »&© 

wtSEfta-a-, #*©ffi*fffi«z, . z, . -z. tc*f 
i/T, £amai, . 1 1 . -i. £«£-rntf, use 

[0 0 2 5] 

[*wo*tt©»»] sir. *«w©**fio»»K^^ 

(IlfflHWI) Hilt ^ 1 ©H«S^Jgf'«-5*ji 

una*** 2 jfc7c*aEr * z. t tc«t D£siMR«tta?- 

[0 0 2 6] &ft£££3!3fe¥l!ft 1 6 tt. 
*t*JCA-7 5 7-2 2£^LT2#76;£aEt&fli2 4 

teAsrrs. 

[0 0 2 7] 2 Xjt&Stmm 2 4 tt. *36»Wi=. y h 
8^£>©lft^fC<fcoT^SEffeW:x->.y h 2 6 

^sa*an*jfeaE«f»«^p 1 \zm^xmnmms 

n*„ 2*7Cj£3t*«2 4J4, jfeSEMfMI^P 

^TUStm u—if^* u#;ua 3 o ic-t k an&***> 

U>X3 2 t^LT7f-i>3 4±©|tff 3 6 t«W 
■#yb\ZgkftV. ZL(DftWi~Zi&&mU-*f%$:tm3 6 

[0 0 2 8] j£*fflU--ytt»c±*K»i£*-CI4»3 6 
*»6K»bfcR»5ttt. *M!jU>X3 2Rtf2*7Ci£SE 
*Bt2 4*^LTA-755-2 2 *T*Jt*n, £© 

A-7S5-2 2 ic<toT7t^tbg§4 ofliKsstan 

[0 0 2 9] A-7 5 5-2 2TR»UfcR»3t»4. *t 
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ICE OF SCANNING OPTICAL M 
ICROSCOPY P 1 2 6tcM^atlT^-5J:5lC 

[0 0 2 4] 
/ (u/2) } • - (1) 

3 8«SilLfe«. 3t»(B*4 0KA»r«. 3tt*lH» 

4 014, A»Ufc^ft**©3fcSfc»*Ufc«««* 
10 C*KlUTlB«!fflaa=:y h4 2^ffl*f*. 

[0 0 3 0] ltIIa-7 F4 2 14. 5 12iS^X5 
1 2H3RX8 h (2 5 6 KM) A^I^fttSl 
fr<bm4<DM&* : E l ) 4 2 a-d)J«rt*SnTH*. fl! 
l**&je3©B** i fc'J 4 2 a~4 2 c(43KKttiS4 0 

^t£«#Tit<5. i4®I«^ ; EiJ4 2 dte, Xf-y 
3 4*Z^fSj (flJti, ±B**B tf*©3MfcMW 

*z^»»«wim»4 4*»j»i«anTn*. z#gj» 
20 irtWfPia»4 4*6a**nfcfli*K:ai^>Tx^-s? 

3 4©»»E»S*tf >hUfc;»tf>h||fcSB4©B« 

[0 0 3 1] X-r-v3 4t4, 3>tf^-^2 8 

Offr^k:.koTZ;frffl*MMW!llia»4 4*6lH*sn* 

z mmm p 2 cs^v^, z ^Ri'Mjf&stf tntim 

nans. £©£#. Xr- 3 4©— m&1ZQ <D&$h 

sa, n>tri-^2 8fc.fc-3T»»ans. 

[0 0 3 2] fflSteffl©s££Rtf#«g®Bl*l© 

30 7.^A©fWffll^tt, 3>tfa-^2 8 Izmt&Ztltt- 

[0 0 3 3] a±OJ:5C«|j«Snfc*«t^*3tl!BI« 
i->XfATH lUMWttttS 6 5?3 4 ±\Z 

3 6±fciytan*«/hX#y HSXY^lSlCtSt 
«. tLT, HWPfc, (x, y) CfctoT^f 1 

-3>3 4*Z3ETffifc»»»(fpLTtW3 6\ZM-T^M 
MtP*fx3. £©££, K&3 6Ki;>h^&*5 
frOWWite, 4 6\z&m2Wtm&ZM.Ui!><e>f7 

40 5. 

[0 0 3 4] jfcfc. WJfc»fPfcPrr*#/X? 

t*»3 6©a>js®fflL&^. wjesBMa-rsx^-^s 

4©{4gZo Z$tT©7f-y3 4ffl 

#0OTte, tt<faU>X3 2©&#t£BtC*JL-T&t**3 6 
©&«£#»a-&-5&© 1 lsJ©#!l!)ftT&-5>. 

[0 0 3 5] SO^ISHLi^T— i?3 4©l(Hl*fcf3© 
»»lAiSRSTSi:. ^t— 5?3 4 0»»EjRNtt 
50 L/A^NilrOMfl»C«e-3T*3tSn4. tC5T. 
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7.7— 'J 3 4(D&W)l£\$t<D*0>hm\Z, BB^'J 4 
2 d\Z&ft2tlZ>tzSb. 7.7— 5/3 4©1£U)l2]iStNte. 
Piffe^^EU 4 2 d<D|!gii&2 5 5 6rFfc««an*. 
[0 0 3 6] »£«IBL^nfiA&^»ilslftN&89! 

B 2 IC^T7 p-^-f- h&#KLTM£B<fls£R9i'r 
B1*^^4<DH#^ ; &U 4 2 a~4 2 d©ffi£M 
a~Md, Xf->*3 4©^id[Hlg:C0*r>> hffifck, 

io 

[0 0 3 7] M£*tHtt£tlS&. Xf-i'3 4ia^ 
W&&BZ. fc»»U X7—V3 4<D&Wl®&.<Dt)'7 
>j>&V±yh-rz>. E©£*#«ttJ«4 0«»6 

lii*aft4t«I*Ii t«l©B*/tU4 2alC« 

#r* (si). 

tO 0 3 8] *l:Xf- 3? 3 4SMiAmi3t 

(S2) . i©t*t:>feiftai»4 o^suj^sn 

5Hmft#I» tail ©BB^^U 4 2 aOiMaO^: 
/hSJtttU (S3) . I, ©#)fl***W-ntf»2©HB 20 
^t'J4 2b {cm 1 ©SB* tU42a KBSMVCHifc 
Ma^lU, miCDjaife^^'J 4 2 a{C«I k ©M£ 
fiUrr*. fifc, ^©HB^'J 4 2 dfctt, £©£ 

I (Z) =aZ ! +/3Z + r 

[0 0 4 4] 36 1~B SOBBED 4 2 a~4 2 c \Z 

teftztitz* i. . i.., . i.,, »*, -t-ft-enz = z. 
. z.-, » z.,, cttoi (z) ©bt**j&»&, 

(2) sStC-ftALT, 

I. =aZ. ' + /3Z. +r 30 

I.., =aZ,-, ' 4-/3 Z.., +r 

I.,, =oZ„, ' +j3Z. n + r 

tUZ>. 7>7—zS3 4(Dl®3!>tiQ<D&W)&\t 

ATM*?!, 

Z. = Zo + A • m 

Z, =-|3/2o 
= Zo + A • m 

+ { (I. (l - I.., ) • A} / 



a>tfi— ^2 satlgl^S^OBB^'J 
4 2a~4 2bl:ffi^nfc. I. . I.-, , I.., . 
m©ffi&tf, ill£M^t5lCK:^bitX7 L -> 5 3 4©{fir« 
Zo , ^t— 3?3 4©lia»fcDO»ft*AA^6. 
(3) a.C»tJlr»TKfctt»a>&©EB»*a*»*i:fc 

[0 0 4 5] ^o«t^<c*Hifi^jic c kti«, tt®}U>X 
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fO^f-^3 4©»»0»©*«>>hBkS«irr4 
(S4) . 

[0 0 3 9] S 4©$aS£fTo£:SHC7>T-- '/3 4## 
Ebbfei^, T k=Md + (S 

5) . yt&m®4 o^eaj^sn-sm^ut^h £ig3 

©BB^'J 4 2c lC^#T-5 (S 6) . 
[0 0 4 0] S 2~S 6©M3£N[Il|gl3iI-f CtlCj; 

o (S7) , 3t*m»4o*»sa*sn««ft«<*i» 

©**fitl. «tIie9lt^%U4 2 aic«#$n«^ 
Xf- v?3 4(D&m®&CDtl'5>hm 
ttB4©«B*t 'J 4 2 dtCfl^tt^. 
[0 0 4 1] jfcfc, )t*ai»4 0©ffl*flt«tj t Wci:4 

* i Baaic, #Bttj»4oa»saas*is*B«*i 
... j&t»2 0BB**y 4 2 bic##$n> 7t^mg§4 
owta^m^^e^t^-s i mmz, %&m&4 0fre> 
a*sn4f«iti.n ^i3©Bi^tu4 2ci: 

B#Sft5. 

[0 0 4 2] J|Kltt»^6©R»»**««*t 

tC. Sgl^iSSMWBB^'J 4 2 a~4 2 dld^S 
tafcffiS:ffl^TZl>tr^-^ 2 8T^T©tf-»^fT5. 
[0 0 4 3] Mi£© (1) SC*Z©2ifcM*Trifi«-r* 

- (2) 

Z.-i =Z. -A 
Z. ( i = Z. + A 

a= i ( I ■ - 1 — I . ) + (I.ti — I. ) } / 2 A 1 

<b&&. cicit, i. «>t^ms§4 ofrzmiiisnzm 

i k ©ftAffi-e&s^e.. 
i. >i.-, 
i. >i„, 

©M8UC&0. a<0tft5OT. Z = -/3/2a©£ 
I (Z) «$>*.,;:. 



[2 { (I.., - I. ) 

+ (I.,, - I. ) } ] 

- (3) 

:mt£ft&ffl&©m;b£ig&©BB;*^U{;:&#U n 

#|pJ©&»Xxy:/£/h$<-f 3 BiffiBtt© 
[0 0 4 6] (SB 2 ©iHJffiJglO #fC. Sit 2 ©HJE^ 
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^©t&iE£*i§-r£. 

[0047] ^mmmmx\t, £&mu—$mt/\-7 

3 7-2 2£^LTl*7Gi£3lE««4 8K:A«U 

0 Ufc7C*aE*«tUT*Iffl7r**. 10 
[0 0 4 8] £Ac> **J6»»Ttt^T— 5?3 4*Z* 

g&4 4*«M?;P/t3 o KSa*anTV»s. 
[0 0 4 9] jB*** 'J 4 2 afCtt, 4©X*[p] 

-Z. TCD^ff^-I, , I, . - 1._ sfiurrs. ® 

ift^'J 4 2 a©@i5?l7 KkX«Htf;W\*3 0©^®j[h1 

/t'J 4 2 alCffi^n-SitlCft-S. 
[0 0 5 0] l^#JWn3 0©;|£I!JleI8^C©#'?>^ 

^i^;:J:^)B^fe* ; EU 4 2 a©«*7 , Fl'*;Wfc£*n-5 
7f-/3 4©^»)0$cN«iIHg!* ; E:'J 4 2 a© 

[0051] etioi-sicWriEsnfc^jtjgis-ctt. 
RioBfSffi«fcA«fr*i:*fc. zjjfo&mmm\B}&4 30 

4{C^$r#ATZ*[6](C^aE-r-5. Xfir«T#ffl*fft 
IBZ, . Z, . -Z. T©WMMHi . I, -I.* 

■•*%y 4 2 atfiurr*. 

[0 0 5 2] **flt^I, . 1,-1. Sit^t'J 4 

[0 0 5 3] tUMi© (1) SittZ = 0©iS«llC 

U4 2al:«ffSnftI, . I j , •" 1 0 #fe6***K 40 
#ffiT<5J:3&Z = Z, £. 3 > tf i-* 2 8 TfWL 
jfcj&nwrz, =Z, tU2>. 

[0 0 5 4] K»3 4CD#jS»C*I/»TZ. £3fcJ6<5fC 

ai^iKToffiJisfTS. *r, tiftA^i. , i 

[0 0 5 5] ¥i$ffi£#*.£Z . Z £¥^ffi© 

iW&©2j&©l6g&£flaT*ae>-5. fbt, Z , Z ©4> 

©z, ©<!***# s>n<g>„ so 
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[0 0 5 6] *HM^JICJ:nti. 3MfttbB4>ttttl#<ft* 
[0 0 5 7] BUh. *aso»flSft#R8bT*3EWfc-3V» 

*3ttt*^it**z^k:««wic»»s-a-, &ffi*f{i 

3tt9ftA«t9f XflSlll«l±TmeW««4FA« 2 o© Z 

{aM$-*«e>, •?-©2-p©zte«©4 , ^^faie^tftig± 

fittttBSffSW lit LTWTfS. 
[0 0 5 8] *89§fcJ:ntf, #ffi*ftt«-C©3t»«* 

atJffl©^fflS:^tJf(r^ 2 ja©3t9*«*liHttC J:*ift« 
2 0©Z{4g#jJ<J&£>n'5. £©2o©z&g©4 J 
fcRj£3n*t>C!rettfc<, #f£Hj©>gg£&fl£L&V> 
[0 0 5 9] 

[%BJ©2&*] «±BELfc±3fc*369llc«fc*i«, * 

sues * & < r a c t & nsm t a -5 . 

[0B©ffl^^UiBJ] 

[01] *S69l©Sf§ 1 ©!&&6^fl8fc&£#^;fca3!tt 

[02] & 1 ®*ira*ic*«#*jA£s&%¥mtt 

:>X7\k©ffitelftf££^t":7D— 3^ — h£*-f 0T& 

a. 

[0 3] *K9ioS(2C!>||lfe»ttK:fl(«MttjAj£MEaX 

[04] ^2©n^jiT©zfiB©aA{tateiia^ 

[0 5 ] ft*®AM£fI^IflMC!)|(lR99HT 

[0 6] EPCiO**6»f*HS*rHT»4. 

[0 7] Zj£aKlJ:-5>lflE©Seftft«l*«-rHT*<&. 

[«F*©KW 

1 6 •••ft*jA£3E&3t¥MRtt. 1 8-U— !f*«, 2 
4-2 5fc7Cjfe3lE««, 2 6-j£3K«lfV^=9 2 8- 



( 7 ) iftijjpjzg- 6 8 4 1 3 

11 12 
4 0-%ttffi8§. 4 4 2 a- 4 2 d-lft/t'J, 4 4 - Z #|t*£!&$«|5]S&. 



[01] 



[0 2] 



PI 



i f 38 i 



30 




32 



36-^-L 



rf 1 



.26 



42 



1-- 



3- 



P2 



2 



m 
7 



44" 



[0 3] 



16 



30 



PI 




^48 v^-22 \j-20 
' 3B ! 



36— r 
34-c£_ 



AOS 



S7 



-26 



£42 



42o 



P2 



44^ 



46— ^=5* 




k — O 



SI 



K - k + 1 



S3, 




NO 



S2 
YES 



,S4 



NO 



NO 




M a^ »k 



S5 



S6 



S7 



[04] 




#BI|5p9- 6 8 4 1 3 




